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South Dakota farmers use more 
than 300,000 tons of fertilizer an-
nually....:..about seven times more than 
12 years ago. About half of the fertili-
zer applied in South Dakota is for corn 
and sorghum production, yet it is es-
timated that we could profitably use at 
least two times this amount on these 
two crops. 
ut Soeai '?)data 
Phosphorus 
Total phosphorus in South Dakota 
soils ranges between 1,000 and 2,000 
pounds per aare in the plow layer, the 
area of highest concentration in most 
soils. Most phosphorus in the soil, how-
ever, is in a form not readily available 
for plant uptake. Only a small quantity 
of phosphorus, usually less than a half 
pound per acre, is present in the soil 
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Nitrogen 
South Dakota soils have large quan-
tities of nitrogen stored as organic 
matter ( 2,000-5,000 pounds of total N 
per acre in the plow layer). Release 
of this soil nitrogen however, is slow, 
usually only 1% to 2% of that total per 
year. This is seldom enough to meet 
the nutrient needs of annual crops such 
t 
corn and sorghum, thus additional 
trogen should be applied. 
Note: Nitrogen deficiency in 
young plants is characterized by 
stunted, spindly growth, and light 
green foliage. In older plants, ni-
trogen will move out of the lower 
older leaves into newer growing 
parts. The tips of these older 
leaves will first become yellow 
and this color change will follow 
up the midrib in a typical V-shap-
ed pattern. The leaf will die pre-
maturely depending on severity 
of deficiency. 
Nitrogen deficiency should not 
be confused with lack of moisture, 
which affects the upper as well as 
the lower leaves. 
or purple in color. 
Potassium 
Most South Dakota soils are rela-
tively high in total potassium( 40,000-
60,000 pounds K20 per acre in the 
plow layer). However, available po-
tassium, as measured by soil tests at 
South Dakota State University, repre-
sents only about 0.5% to 2.0% of the 
total amount in an average soil. In-
creasing numbers of potassium soil 
tests are fall_ing in this medium to low 
range and receiving potash fertilizer 
recommendations. This suggests more 
farmers, particularly those in eastern 
S uth Dakota, should check the potas-
s m levels with soil tests. 
Note: Potassium deficiency 
symptoms of corn and sorghum 
include a slower rate of growth. 
Prolonged deficiencies result in 
leaf edges and tips becoming dry 
and scorched, with the rest of the 
leaf showing yellowish strips. The 
lower leaves are affected first. 
Stalk lodging may also be greater 
where potassium deficiencies ex-
ist. 
By 
E. P. Adams and E. J. Williamson, Extension 
agronomists-Soils; P. L. Carson, professor, and R. 
D. Wiard, research manager, Department of Plant 
Science, Agricultural Experiment Station. 
Zinc 
Zinc content of soils ranges from 20 
pounds to 600 pounds per acre, but like 
the other nutrients, much of it is un-
available to plants. Zinc does not leach 
from soils and that which is returned 
in residue remains near the surface. 
Therefore, zinc deficiencies are usually 
associated with soil that is severely 
eroded, sandy, low in organic matter, 
or where subsoil is exposed as a result 
of leveling for irrigation or terracing. 
Corn and sorghum seem to exhibit zinc 
deficiencies more readily than most 
other crops in South Dakota. Zinc soil 
tests are very effective in detecting 
soils deficient in this element. 
Corrective measures include soil ap-
plications of fertilizers such as zinc sul-
fate, zinc oxide, zinc carbonate, and 
chelated zinc forms. Application rates 
should vary from 3 to 12 pounds of 
actual zinc in inorganic forms, to 
somewhat lower rates of chelatedi 
sources. 
Note: Zinc deficient young corn 
plants develop pale yellow stripes 
on each side of the midrib of low-
er leaves. These yellow stripes 
start on or near the base of the 
leaf and continue about two-
thirds of the length of the leaf. 
Later, leaves may become reddish 
bronze in color and may eventu-
ally die. 
Sulfur 
Plant analysis has detected what ap-
appears to be deficient sulfur levels in 
corn plants from a limited number of 
fields in South Dakota. These fields 
were on rather sandy soils. Sulfur short-
ages in adjacent states have also been 
identified on some very sandy soils. In 
contrast, the use of sulfur does not in-
crease crop yields on all soils even 
though surface soil sulfur tests show 
only low reserves exist. Information to 
date indicates the finer textured silt 
and clay soils in this area usually have 
adequate levels of sulfur. 
Where sulfur use is reasonably cer-
tain of profitably increasing yields, 
commercial fertilizers such as ammo-
nium sulfate ( 21-0-0), normal super-
phosphate ( 0-20-0), potassium sulfate 
( 0-0-48), and thio-sulfate compounds 
can be used as sulfur sources. There 
may be others. Elemental sulfur has 
been used, however, it must be con-
verted to the available sulfate form be-
fore it can be used by plants. This con-
version is a slow process and therefore 
that material is a less desirable sulfur 
r~~te: Sulfur deficiency can al-
o be confused with nitrogen de-
ficiency. Sulfur shortages affect 
young leaves, whereas nitrogen 
shortages show up on older leaves 
first and then more upward to 
young plant parts. 
Sulfur deficiency symptoms of corn 
and sorghum appear on the young 
leaves as a light green to yellowish-
green color. Close examination shows 
ithe tissue between the veins to be 
lighter green in color than the veins, 
and these stripes continue to the tip 
of the leaf. 
Other Elements 
Research to date shows little or no 
yield increase on most soils from appli-
cation of the other essential elements 
not listed here. Therefore, farmers 
should use caution before making 
large investments in such fertilizer 
programs. 
KINDS OF FERTILIZER 
Research indicates that fertilizer 
nutrients in either gaseous, liquid or 
dry forms are about equally effective 
pound for pound of properly applied 
plant food element. Thus plant food 
cost, convenience, and application 
equipment needed, become the deter-
ming factors as to which fertilizer to 
use. 
TIME, METHOD OF APPLICATION 
Fertilizer nutrients vary in chemical 
activity and movement in soil. For ex-
ample, nitrogen is considered more mo-
bil than phosphorus or potassium. 
Because of that difference and others, 
method and time of fertilizer applica-
tion can greatly affect results. There 
are a number of choices available. In 
general, phosphorus and potassium 
should be applied at or before planting 
time for best results. This assures in-
corporation into the soil, which is very 
important if crops are to get maximum 
benefit from these fertilizers. 
Nitrogen, however, can be smface 
applied or injected before as well as 
,after planting. Again, some type of in-
corporation is recommended. 
Research shows properly incorpor-
ated fall and spring fertilizer applica-
tions to be about equally effective on 
most fields. One possible exception, 
which requires special consideration, 
is fall nitrogen application on sandy 
soils. Phosphorus and potash fertilizers 
can be applied prior to as well as dur-
ing the fall and spring tillage opera-
tions. Nitrogen can also be applied in 
the same manner on most medium to 
fine textured soils. However, leaching 
losses of fall applied nitrogen can 
measurably increase as the amount 
and depth of sand in the surface soil 
and rainfall increase. In those cases, 
nitrogen should be applied in the 
spring or as a sidedress method. 
Surface applications of fertilizer, or 
manure, on frozen sloping soil is not 
a recommended practice. It can be 
costly in terms of nutrient loss by run-: 
off as well as a contributory factor to 
pollution problems. Applications on 
any soil should be made when the ma-
terials can be worked into unfrozen 
soil. Nitrogen loss as a gas can also re-
sult from surface applications. Here 
again, incorporating the material right 
after application will minimize such 
losses. 
Starter 
Young seedling growth frequently 
lacks vigor early in the spring under 
cool wet soil conditions. Starter fertili-
zer placed near the seed at planting 
time can stimulate early plant growth. 
An early vigorous start, when accom-
panied by adequate moisture or rain-
fall during the growing season, can 
mean additional yield and/or earlier 
maturity. 
Starter fertilizer use in South Dak-
ota has given erratic results with yield 
decreases having actually occurred 
some yeairs. The average gain over a 
longer period, however, has averaged 
about 3 to 4 bushels per acre per year. 
Starter fertilizers containing N-P-K in 
1:4:0 or 1:4:2 ratios or others similar 
to these, are well suited for South Dak-
ota. Additional nitrogen is usually 
needed and can be applied as preplant 
or sidedress. 
Starter fertilizers may be applied in 
any one of three ways, depending on 
equipment availability: ( 1) band, ( 2) 
with seed (pop-up) and ( 3) split 
boot. 
The current most commonly used 
method for applying starter is band 
placement. This method places the 
fertilizer 1 to 2 inches to the side 
of, and slightly below, the seed. Fertil-
izer placement with the seed, com-
monly called "pop-up," is also a rec-
ommended method. Limited South 
Dakota research shows this method of 
applying starter fertilizer to be equal 
to or slightly better than that of band 
It!acement. Keep in mind, however, 
exJessive fertilizer salts placed with 
the' seed as in pop-up can delay or re-
duce-. seedling emergence, particularly 
if dry- soil conditions exist. It is impor-
tant, therefore, to use very low fertili-
zer rates when placing it with the 
seed. In most instances, it will be nec-
essary to use broadcast applications in 
addition to starter when pop-up place-
ment is used in applying recommend-
ed rates. Total N+K actual plant food 
applied as pop-up should not exceed 8 
to 10 pounds per acre in 40-inch rows, 
and equivalent amounts in narrower 
rows. Fertilizers with plant food ra-
tios of 1:4:0, 1:3:0, 1:4:2, and so on 
are recommended for use as pop-up. 
Split boot methods of applying starter, 
while commonly used at one time, are 
not widely used today. Reductions in 
stand can occur if plant food quanti-
ties outlined for pop-up are exceeded. 
Sidedressing 
Sidedressing is a method of applying 
additional nitrogen fertilizer between 
the rows after planting. It frequently is 
used in combination with a starter fer-
tilizer containing other needed nutri-
ents. Gaseous, liquid, or dry forms of 
nitrogen fertilizer can be sidedressed 
on the crop from the time it is planted 
until it is no longer possible to get in-
to the field. For maximum response 
from nitrogen fertilizer, a crop should 
be sidedressed before it is 12 inches 
high. This may be done while cultivat-
ing or as a separate application. 
SPECIAL PROBLEMS 
Fertilizing Listed Corn and Sorghum 
Lister-planted corn and sorghum 
present some special fertilizer place-
ment problems. The practice of broad-
casting and plowing fertilizer under 
for surface planted crops, is ineffective 
for lister-planted crops because plow-
ing normally does not precede listing. 
The action of the lister moldboards 
places the fertilizer in the ridge be-
tween the rows where it is relatively 
unavailable. This is particularly true 
for phosphorus, which moves little in 
the soil during one growing season. 
There are fertilizer attachments de-
signed for use on a lister which place 
the fertilizer near the seed. They work 
well on coarse-textured soils but ap-
parently work less effectively on the 
more clayey soils. The use of these at-
tachments is encouraged, however, be-
cause the fertilizer is placed at or near 
the seed where it becomes readily 
available to the seedling plants. 
Many listers are equipped with fer-
tilizer boxes but without placement 
equipment. With this system, the fer-
tilizer is applied just ahead of the cov-
ering disks and is mixed with the seed 
and soil. There is some danger of ger-
mination damage if excessive nitrogen 
and potash fertilizer comes in contact 
with the seed when it is applied in this 
manner. Despite these objections, this 
may be a reasonably practical method 
of applying small amounts of phos-
phorus and potassium for listed corn 
and sorghum on higher clay content 
soils. 
Nitrogen fertilizer can be sidedress-
ed on lister-planted crops, either as a 
separate operation or with a fertilizer 
attachment on the cultivator. 
Correcting Corn Growth 
on Fallowed Soils 
Farmers have observed for some 
time how corn and sorghum frequently 
fail to make normal growth early in 
the season on soil fallow-tilled part or 
all of the previous year. The reason for 
this early suppression of growth is not 
fully understood. , 
Tests in South Dakota, however, 
show that banding phosphate at plant-
ing time has successfully eliminated 
the early growth suppression on fallow 
fields. 
Post-emergence fertilizer applica-
tion of phosphate and potash have 
seemed ineffective. 
Recommendation: Apply 30- 40 
pounds of phosphate ( P20:.) per acre 
or more depending on P soil test, as a 
starter fertilizer when growing corn 
and sorghum on fallow land. 
Phosphorus-induced Zinc Deficiency 
Under certain conditions ( low to 
medium soil test zinc levels and/ or 
high soil phosphorus levels), the use 
of phosphorus as a starter fertilizer 
has induced zinc deficiency, particu-
larly in corn. Phosphorus use as a 
starter should be based on soil test rec-
ommendations. 
Recommendation: Band phosphor-
us at seeding time, when justified by 
a s9il test, at rates not to exceed 30 
pounds P20 :. per acre except on very 
low P testing soils. 
FERTILIZER APPLICATION RATES 
Profitable fertilizer use is depend-
ent on climate, soils, levels of manage-
ment practices used, and yield desired. 
These factors vary widely in South 
Dakota. For that reason, fertilizer rec-
ommendations, shown in the accom-
panying tables, are based on yield po-
tentials and soil tests. 
Soil Test Recommendations 
Soil testing is perhaps the best tool 
we have to measure available plant 
food levels in the soil. Based on that in-
formation, fertilizer rates can be selec-
ted which will correct deficiencies and 
provide the plant food needs of de-
sired crop yields. This takes the guess 
work out of selecting fertilizer rates. 
SDSU soil tests can measure organic 
matter, nitrates, available phosphorus, 
potash, zinc, calcium, magnesium, 
salts, and acidity. Soil sampling pro-
cedures are very important and vary 
between tests. Consult your county 
agent for assistance and instructions 
for sampling. 
Nitrogen 
Nitrogen fertilizer recommenda-
tions, until recently, have been based 
on "organic matter soil test" levels and 
on yield potential desired as shown in 
Table 1. It is a basic recommendation 
for a continuous cropping system that 
does not include adjustments for le-
gumes or the use of manure. 
Here is an example of how a recom-
mendation is made. Let's assume that 
you are farming in an area with a per-
acre production potential of 60 bushels 
of corn. Your rotation contains no le-
gumes or manure and the soil test for 
organic matter is 2.2%. The 2.2% organ-
ic matter is in the 2.1-3% range, Table 
1. The nitrogen fertilizer recommenda-
tion for a 2.2% soil test for 60 bushels 
therefore would be 60 pounds of nitro-
gen. 
Both legumes and manure will in-
crease soil nitrogen levels. It is neces-
sary therefore to adjust the above basic 
nitrogen recommendation downward 
if legumes have been used in the rota-
tion or manure has been added re-
cently to the soil. Guidelines for ad-
justing the nitrogen recommendations 
are discussed in Agronomy Pamphlet 
31 as revised March, 1969, entitled 
"Explanations of Soil Test Rec::ommen-
dations" which is returned with each 
soil test recommendation. 
The newer "nitrate soil test" is a 
very valuable tool in adjusting the ni-
trogen recommendations which nor-
mally are based only on the organic 
matter test. This nitrate test is now run 
upon request. It measures residual soil 
nitrate levels, not determined in the 
regular organic matter test. Any need-
ed adjustments in nitrogen rates, bas-
ed on these test results, are made at 
the Lab. This inexpensive test will de-
tect excessive soil nitrogen buildups 
which suggest to the operator some-
what lower fertilizer rates can be used 
without reducing yield. It can also 
alert operators to the need for addi-
tional nitrogen to prevent yield loss 
due to inadequate soil nitrogen reser-
ves. 
Phosphorus 
The recommended rates for phos-
phorus application depending on yield 
level are given in Table 2. 
Phosphorus is not generally recom-
mended for areas with a production 
potential of less than 40 bushels, unless 
soils test very low in this element. The 
recommendations are given in Table 
2 as pounds of phosphate ( P205 ). 
Potassium 
The recommended rates of applica-
tion for potassium, also based on yield 
potential, are given in Table 3. Rates 
are given as pounds of potash ( K20). 
Zinc 
Research shows use of zinc. fertilizer 
on corn and sorghum will usually in-
crease net profit for those farmers 
whose fields have low zinc levels. The 
zinc soil test is the simplest and most 
economical method to detect low soil 
zinc levels. Zinc application rates, 
based on soil test levels, are shown in 
Table 4 as pounds of elemental plant 
food. 
Fertilizer for Irrigated 
Corn and Sorghum 
Recommended fertilizer rates for ir-
rigated corn and sorghum can be 
found in Tables 1, 2, and 3 depending 
on yield desired and existing soil test 
levels. Researchers and producers 
have found that incorporating part of 
the nitrogen prior to planting, and ap-
plying the rest as sidedressing or in the 
irrigation system, has given improved 
results. This practice would seem par-
ticularly beneficial on coarser-textur-
ed or sandy soil. 
Yield 
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Table l. Nitro,gen Rate 
Recommendations 
N. Soil Test Recommendation 
% Organic Matter Lbs. N./ A. 
Less than 2.0 235 
2.1-3.0 220 
3.1-4.0 205 
4.1-up 190 
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3.1-4.0 
4.1-up 
Less than 2.0 
2.1-3.0 
3.1-4.0 
4.1-up 
Less than 2.0 
2.1-3.0 
3.1-4.0 
4.1-up 
Less than 2.0 
2.1-3.0 
3.1-4.0 
4.1-up 
Less than 2.0 
2.1-3.0 
3.1-4.0 
4.1-up 
Less than 2.0 
2.1-3.0 
3.1-4.0 
4.1-up 
Less than 2.0 
2.1-3.0 
3.1-4.0 
4.1-up 
Less than 2.0 
2.1-3.0 
3.1-4.0 
4.1-up 
Less than 2.0 
2.1-3.0 
3.1-4.0 
4.1-up 
Less than 2.0 
2.1-3.0 
3.1-4.0 
4.1-up 
205 
190 
175 
160 
175 
160 
145 
130 
150 
135 
115 
105 
125 
110 
95 
80 
100 
85 
70 
55 
85 
70 
60 
45 
70 
60 
50 
40 
55 
50 
40 
0-35 
45 
40 
30 
0-25 
35 
30 
25 
0 
Table 2. Recommended Rates of Phosphorus 
Phosphorus Soil Tests, Lbs. of P / A 
Medium-
Very Low Low Medium High High 
Yield Potential Fertilizer Placement 0-5 6-15 16-25 26-40 41 + 
145+ Broadcast only ___________ 120 
Broadcast __________________ 90 
+ + 
Starter _________________________ 30 
95-140 Broadcast only ____________ 90 
Broadcast ___________ _______ 60 
+ + 
Starter _______________ 30 
55-90 Broadcast only ___________ 60 
Broadcast ________ 30 
+ + 
Starter ___ 30 
Less than 50 Broadcast only ____________ 45 
Broadcast __________________ 25 
+ + 
Starter _________________________ 20 
P2Oj Recommendations Pounds Per Acre 
80 
50 
+ 
30 
60 
30 
+ 
30 
45 
25 
+ 
20 
30 
0 
+ 
20 
60 
30 
+ 
30 
45 
25 
+ 
20 
30 
0 
+ 
20 
0 
0 
+ 
20 
45 
25 
+ 
20 
45 
25 
+ 
20 
0 
0 
+ 
0 
0 
0 
+ 
0 
0 
0 
+ 
20 
0 
0 
+ 
0 
0 
0 
+ 
0 
0 
0 
+ 
0 
Table 3. Recommended Rates of Potassium 
Potassium Soil Tests, Lbs. of K/ A 
Very Low Low Medium High Very High 
Yield Potential Fertilizer Placement 0-80 81-150 151-250 251-400 400+ 
145 + Broadcast __________________ 250 
Starter* ________________ ______ 15 
95-140 Broadcast _________________ 150 
Starter* ____________________ 15 
55-90 Broadcast ___________________ 60 
Starter* ________ 15 
Less than 50 Broadcast ___________________ 40 
Starter* 
KzO Recommendations Pounds Per Acre 
200 
15 
90 
15 
40 
15 
30 
120 
15 
45 
15 
30 
15 
0 
60 
15 
0 
15 
0 
0 
0 
0 
15 
0 
0 
0 
0 
0 
•The 15 lbs. of K20 recommended as a starter can be applied in addition to the broadcast K20 
recommended. 
Issued in furtherance of Cooperative Extension 
Work, Acts of May 8 and June 30, 1914, in coop-
eration with the United States Department of Agri-
culture. Duane C. Acker, Director of Extension, 
South Dakota State University, Brookings. 
7.5M-2-72-File: 3.3-3220 
7.SM-2-72-3220 
Table 4. Zinc Rate Recommendations 
*Recommendation 
Zinc Soil Test Lbs. Zn/ A. 
Low ------------------------------ 5-15 
Medium -------------- _______________ 2-10 
High -------- _________ None 
• Apply once each 5 to 6 years unless it is establish-
ed that zinc deficiency continues to limit yield. 
